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The Effects of Spraying With
Sevin-4-Oil® on Insect Pollinators and
Pollination in a Spruce-Fir Forest
E. R. Miliczky1 and E. A. Osgood2
INTRODUCTION
The use of chemical insecticides is presently accepted as the most
effective means of keeping damage by spruce budworm in Maine at an
acceptable level. Unfortunately, broad-spectrum chemicals such as
Sevin-4-oil® affect non-target organisms as well, and this can have very
serious consequences. The significance of these effects can only be
determined by monitoring populations of non-target organisms and assessing the overall impact on the environment.
This study was undertaken to determine the effects of operational
spraying of carbaryl insecticide, Sevin-4-oil® on the abundance of insect
pollinators in a spruce-fir forest. The high toxicity of Sevin to honeybees,
Apis mellifera L., has been well documented (2, 4, 5, 6), and Johansen
(3) rates it as the number one bee-killing chemical. Little has been
published on the effect of Sevin on native bees. Johansen (2) found that
Sevin 80% WP at 453.6g a.i. per 0.405ha on alfalfa was highly toxic to
Megachile pacifica (Panzer), Nomia melanderi Cockrell and Bombus
centralis Cresson. Because of their close taxonomic relationship, it
seems likely that other native bees (Hymenoptera: Apoidea) would also
be highly susceptible to Sevin. Native bees are the pollinators of many
forest plants but because bee flies (Diptera: Bombyliidae) and syrphid
flies (Diptera: Syrphidae) may also act as pollinators they were included
in the present study.
Insect pollination is essential for adequate fruit and seed set in many
species of flowering plants. A reduced pollinator force may result in a
low yield of fruit and seed with implications for wildlife which rely on
such food. The effect of a reduced pollinator force on fruit set of
Viburnum cassanoides L. (withe-rod), was therefore studied. This
woody shrub was selected because of its abundance in the study area,
because it bloomed after spraying and because twigs, bark, and leaves,
as well as the fruit, are consumed by a variety of birds and mammals (1).
Insect populations fluctuate in response to a wide variety of factors,
and the nature and intensity of response vary with species. For example,
solitary bees build nests which contain a number of brood cells, each of
'Graduate Student, Department of Entomology, University of Maine at Orono
Professor of Entomology, University of Maine at Orono 04469
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which is provisioned with sufficient pollen and nectar for the development of one adult. These adults constitute the new generation and do not
emerge until the following year. Aerial sprays in spring may kill the
active, flying adults, but they may also have an influence on the following year's population. Among early emerging species most bees will
have provisioned a near normal complement of cells prior to spraying,
and population recovery will be rapid. On the other hand late-emerging
species will have very few cells provisioned and the recovery period will
be longer. Studies on pollinator recovery from the 1977 spray application were continued in 1978, and fruit set on V. cassanoides was also
studied in 1978 for comparison with the previous year's data.
MATERIALS A N D METHODS
The principle study area was the southern half of spray block PE
209 which was near Passadumkeag in Penobscot County. It encompassed approximately 35 km 2 , much of which consisted of spruce and fir
along with scattered hardwoods. Sevin-4-oil® in No. 2 fuel oil was
applied at the rate of 340.2g a.i./0.405ha at last light on May 24 and at
first light on May 25. Spraying was carried out by Hillcrest Aircraft Co.,
using TBM's. Altitude was 45.72-60.96m., and the spray system used
was the boom and nozzle (80-08) system with a pressure of 40 psi. Three
methods were used to monitor pollinator numbers before and after
insecticide application.
Blueberry Pollinator Counts
Lowbush blueberry (Vaccinium spp.) was in bloom throughout the
study period (May 21-30,1977). Three 0.9x 1.8 m (3 ft. x 6ft.) plots, each
containing some blueberry plants were staked out in each of five sites in
the spray block and three sites in an unsprayed area. A typical plot is
shown in Figure 1. Pollinator counts were made on May 21,22,23 before
spray and on May 26,29,30 after spray and included the number of bees,
bee flies, and syrphid flies visiting a given plot during a 30-second
interval. A total of 120 counts was made per day — five counts at each
plot at approximately one hour intervals. Counts were made between
10:00 AM and 3:00 PM when pollinators were most active.
Pollinator counts were repeated at the same sites in 1978 and this
provided some data on native bee recovery following exposure to an
operational forest spray. Since the area was scheduled for further spraying with Orthene in 1978, counts were made during the pre-spray period,
on May 23, 24,25. Most of the stakes used to mark out plots the previous
year were left in place, and with only minor changes, the same plots
were used again in 1978.
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Figure 1. A typical .9 x 1.8 m blueberry plot used in the study.
Malaise Traps
Malaise traps were set up at five sprayed and seven unsprayed
locations in 1977. The traps were lightweight, easy to set up, and
efficient (Fig. 2). They were operated during the same six days that
counts were taken on blueberry pollinators. Pint jars were attached to
the traps and contained 70% ethyl alcohol which served as killing agent
and preservative. Fresh jars were placed on each trap each morning at
9:00 AM and removed each afternoon at 3:00 PM. When field work was
completed, each day's catch was examined and the bees, bee flies, and
syrphid flies were pinned for later identification.
Cone-trapping Wild Bees
Cone-trapping was used in 1977 as a direct method of determining
the fate of a representative sample of the bee population following
insecticide application. Five sites, each containing a large number of bee
nests, were located within the study area. Three of the sites were
scheduled for spraying and two were not. The status of each nest was
determined by covering the opening during the cool of evening with a
small, cone-shaped trap made of aluminum wire screen (Figs. 3, 4). A
sprinkling of moist earth was placed around the base of each trap and
effectively prevented the bees from escaping when they emerged the
following morning. As bees entered the cones, they were counted and

8
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Figure 2. Side view of a Malaise trap of the type used in the study.

Figure 3. Overall view of a bee nesting site with cone traps in place.

LSA Experiment Station Technical Bulletin 90

9

Figure 4. Close-up of a bee nesting site showing cone traps and several
individual bee galleries.
released, and each active nest marked with a small stake. Using the
same procedure, the activity of each marked nest was determined on
May 23-24 (pre-spray) and on May 29-30 (post-spray).
Spray Cards
Pink oil-sensitive dye spray deposit cards were set out in 1977 near
all blueberry pollinator plots, Malaise traps, and cone trap locations to
verify whether or not each area was sprayed and to assess the relative
amount of insecticide deposited. Cards were set out immediately before
application and picked up immediately after. Spray residue was also
readily visible on foliage, as small white spots, for several days after
application and was used as a further check on the limits of the sprayed
area.
Fruit Set and Bagging Experiments
A significant reduction in the pollinating force may have long range
effects on fruit and seed set in insect-pollinated plants which are in
bloom at, or shortly after, the time of spraying. Thus, an attempt was
made in 1977 to determine the effect of reduced pollinator activity on
fruit set of withe-rod, Viburnum cassanoides L. This plant is relatively
abundant in the area and blooms from mid-June to early July.

10
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Nineteen sites were selected for the study; seven were in spray
block PE 209, three were in spray block PE 210 (near Lincoln), two were
in spray block PE 203 (near Greenbush), and the remainder were in
unsprayed areas adjacent to these blocks. All sprayed blocks received
the same rate of application of Sevin. Insofar as was possible, eight
separate bushes were selected at each site, and the number of fruits was
counted on each of five clusters per bush. Notes were also taken on the
quality of fruit in each area (size, appearance, etc.).
Similar data were taken in 1978 to determine if pollinator recovery
(increased numbers) would be reflected in improved fruit set of V.
cassanoides. Since much of spray block PE 209 was sprayed with
Orthene in 1978 only two of the sites sprayed in 1977 but not in 1978
could be used for this purpose. Two sites, unsprayed both years adjacent to PE 209 served as controls. Spray block PE 210 was not sprayed
again in 1978 so data from all sites in this block were obtained again in
1978.
To test the dependence of V cassinoides on insect pollinators, a
series of pollinator exclusion experiments was conducted during the
1978 bloom period in Orono. Prior to bloom development, eight flower
clusters were enclosed in insect tight cloth bags until blossom had
matured and fallen. The number of fruits produced by these flower
clusters and by a series of unbagged clusters was counted.
Statistical Analysis
Data from each of the three pollinator monitoring methods were
analyzed for significant difference between sprayed and unsprayed sites
using the chi-square contingency test. In each case analysis was made of
the combined data for all sprayed versus all unsprayed sites.
Fruit set data were not analyzed statistically in 1977 as significant
differences between sprayed and unsprayed sites were apparent from
the raw data. Comparative fruit set data for 1977 and 1978 were analyzed
with the chi-square test.
R E S U L T S A N D DISCUSSION
Spray Cards
All spray cards placed in portions of the study area scheduled for
spraying received spray deposit. Cards placed in study areas outside the
spray block did not receive any. Foliage protection from spruce budworm in the sprayed area was acceptable.
Species of Insect Pollinators
The genera and species of native bees, bee flies, and syrphid flies
collected during this study are given in appendices 1 and 2. Sixty-eight
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genera and/or species of native bees, 2 species of bombyliids, and 30
genera and/or species of syrphid flies, including one new species, are
listed.
Effects of the Spray Program in 1977
Substantial reductions in the number of wild bees present in
sprayed areas after application of Sevin-4-oil® were shown by all three
methods. Malaise traps and blueberry pollinator counts also indicated
rather large reductions in control areas whereas such reductions were
not shown by the cone-trapping method. Despite this, post-spray differences in the number of bees at sprayed and unsprayed locations were
highly significant for each of the three methods to at least the .05 level
(Tables 1,2, and 3). There was no significant difference between preand post-spray numbers of bee flies and syrphid flies. These two groups
were, however, much less abundant than bees during the study period.
Table 1.

Combined pre- and post-spray data for pollinator counts on 15 sprayed and 9
unsprayed blueberry plots for 1977.

3 Day Pre-spray Totals
3 Day Post-spray Totals
No. bees No. bee No . syrphid No. bees No. bee No. syrphid
flies
flies
flies
flies
Unsprayed plots
Sprayed plots

205
302

28
36

4
2

99
61*

15
24 n.s.

6
5 n.s.

'Significantly different at the 0.01 level,
n.s. No significant difference.
Table 2.

Combined pre- and post-spray Malaise trap data for 1977: Pollinators taken
from traps on 5 sprayed and 7 unsprayed areas.

Traps in

Unsprayed areas
Sprayed areas

3 Day Pre-spray Totals
3 Day Post-spray Totals
No. bees No. bee No. syrphid No. bees No. bee No. syrphid
flies
flies
flies
flies
123
340

61
108

24
54

50
66*

10
11 n.s.

16
24 n.s.

•Significantly different at 0.01 level,
n.s. No significant difference.

Numbers of bees collected in Malaise traps and counted on
blueberry plots at control locations during the post-spray period
dropped by a little over 50%. Two factors were principally responsible
for this.

'Table 3.
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Cone-trapping results on 2 unsprayed and 3 sprayed nesting sites in 19TL_
Pre-spray Results
Post-spray Results
Total
Active Inactive % Active Total
Active Inactive % Active
galleries galleries galleries
galleries galleries galleries

Unsprayed
(site 1)
Unsprayed*
(site 2)
Sprayed
(sites 3, 4, 5)

23

18

5

78

23

16

7a

69

29

20

9

68

29

4

25b

14

71

52

19

73

71

14

57b

20

*Nesting site within 80 m of the spray line
Any two numbers not subtended by the same letter are significantly different at the 0.05
level.
Three separate x2 contingency table analyses were run on inactive galleries pre- and
post-spray.

First a significant decline in blueberry bloom occurred over the ten
days of the field work. During the pre-spray period blueberry was at
peak bloom and pollinators were active around the plants. By the final
days of the study, however, bloom had declined considerably making
the plant less attractive to pollinators and contributing to lower counts.
As many of the Malaise traps were also located near blueberry, the
number of pollinators caught in the traps was less as well.
Weather, especially temperature, was the second factor involved.
Bees require a certain body temperature before becoming active and
capable of flight. The pre-spray period was warm and sunny — ideal for
pollinators. Weather during the post-spray period was less favorable for
bee activity, temperatures being cooler, the wind more brisk, and
cloudy intervals more frequent (Table 4). This also contributed to decreased pollinator activity.

Table 4.

Date
Max. temp.
in sun C
Time
Max. temp.
in shade °C
Time

Maximum temperatures recorded in sun and shade on the six days of the field
study (degrees Celsius).

5/21/77
30

Pre-spray
5/22/77
39

5/23/77
38.5

5/26/77
27.5

Post-spray
5/29/77
24

5/30/77
29.5

1:00 PM

12:30 PM

12:45 PM

1:30 PM

12:00 PM

2:15 PM

28
2:00 PM

35
1:30 PM

35
12:45 PM

22
1:30 PM

20
1:30 PM

26
2:15 PM
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Both factors had a major influence on bee activity throughout the
study area and were presumably the primary causes of pollinator decreases at control locations. In sprayed areas, therefore, decreases in
pollinators beyond those attributable to weather and bloom decline were
most likely spray related.
Cone-trapping data provide evidence that bee mortality was greater
than that indicated by Malaise traps and blueberry pollinator counts.
This method allowed the same individuals, a representative sample of
the whole population, to be monitored during pre- and post-spray
periods. A bee which was absent from its gallery when cones were
retrieved was presumed to have died. During the study period, bee
mortality was due to various natural factors and effects of the spray.
Quality of blueberry bloom did not affect cone-trapping data, and
weather was also less a factor than it was for either of the other two
methods. Bees emerge from their galleries for a brief time and attempt to
forage even when the weather is relatively poor. Even though sluggish
they were frequently observed on foliage at considerable distances from
their galleries on such days.
At nesting site 1, an unsprayed control, two galleries (11%) became
inactive during the study period, probably due to natural mortality
factors. During the same period, 54 galleries (75%) became inactive at
the remaining nesting sites which consisted of site 2, an unsprayed
control located 80 m from the sprayed area, and sites 3, 4, and 5 which
were in sprayed areas. If one assumes that the amount of natural mortality which occurred at site one was typical for the area, then comparable
reductions would be expected at other sites. Higher mortality in sprayed
areas would therefore be attributable to the insecticide.
As originally set up, nest sites 1 and 2 were controls, and sites 3, 4,
and 5 were in sprayed locations. Site 2 however, suffered heavy bee
losses that were significantly different (0.05 level) from those at site 1 but
not significantly different from those suffered by the three sprayed sites
(Table 3). A probable explanation lies in the fact that site 2 was located
on a logging road within the forest itself and was only 80 m from the
actual spray line. This location would have restricted available forage
for bees to narrow regions along the logging road and to such clearings in
the forest as were available. As bees may travel considerable distances
in search of forage, it is probable that many entered the spray area and
were exposed to the toxic residue on foliage.
Fruit set on V. cassanoides was markedly lower in sprayed than in
unsprayed areas (Tables 5a, b, c). These data were not analyzed statistically as the differences are very clear. It was also noted that fruit in
control areas was nearly always large and well developed, whereas in
sprayed areas it was frequently small, shrivelled, and poorly developed.
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Table 5a.

Unsprayed
sites
Sprayed
sites

Table 5b.

Unsprayed
sites
Sprayed
sites

Table 5c.

Unsprayed
sites
Sprayed
sites

Combined fruit set data: Passadumkeag— spray block PE 209: 4 unsprayed
and 7 sprayed areas.
Total no. of
clusters
examined

Total no. of
berries

Avg. no. berries
per cluster

160

2588

16.2

280

756

2.7

Combined fruit set data: Lincoln -- spray block PE 210: 2 unsprayed and 3
sprayed areas.
Total no. of
clusters
examined
80
120

Total no. of
berries

Avg. no. berries
per cluster

1050

13.13

249

2.08

Combined fruit set data: Greenbush — spray block PE 203: 1 unsprayed and
2 sprayed areas.
Total no. of
clusters
examined
40

Total no. of
berries

Avg. no. berries
per cluster

400

10.00

80

137

1.71

Results of Bagging Experiments
Table 6 gives the results of bagging experiments on V. cassanoides.
Not a single mature fruit was produced on any of the eight flower
clusters from which pollinators were excluded for the life of the bloom.
The 16 control clusters, however, produced from two to 94 fruit and an
average of 38.3 fruit per cluster.
Pollinator Recovery and Fruit Set — 1978
Blueberry pollinator counts made during the 1978 pre-spray period
were compared with the 1977 pre-spray counts (as presented in Table 1)
and found not to differ significantly from the 1977 counts (Table 7). This
indicates that under conditions similar to those prevailing during
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Table 6.

Combined data for pollinator exclusion experiments on V. cassanoides.
Total no.
clusters
examined
8
16

Bagged Clusters
Unbagged Clusters

Table 7.

15

Total no.
fruit
produced
0
613

Avg. no.
fruit
per cluster
0
38.3

Comparative 3 day pre-spray data for 1977 and 1978 for pollinator counts on
15 sprayed and 9 unsprayed blueberry plots.
3 Day Pre-spray Totals -1977
3 Day Pre -spray Totals - 1978
No. bees No. bee No . syrphid No. bees No. bee No. syrphid
flies
flies
flies
flies

Unsprayed Plots
Sprayed Plots

205
302

28
36

4
2

159
218 n.s.

19
38n.!>.

13
lln.s.

n.s. No significant difference.

1977-78, the bee population can recover to near normal levels in one
year s time.
An important factor to be considered is spray timing relative to the
seasonal cycle of an insect. If spraying occurs early in a solitary bee's
active season, it will have had time to provision only a small number of
cells for the following year. Emergence the next season would be low
and population recovery time lengthy. If the spray date falls late in the
active season, however, a bee will have had time to provision a near
normal complement of cells. The number of adults emerging the following year would be high and population recovery would be rapid. So the
long term effect of spraying on that species would be negligible. It must
be realized that each of the more than 65 species present in this study at
the time of spraying would be affected somewhat differently as their
active seasons vary seasonally. Species that become active immediately
prior to spray will be more seriously affected than early emerging
species which have completed most of their provisioning or late emerging species not yet exposed to spray.
Bee counts were slightly lower in both sprayed and unsprayed areas
during 1978. However the unsprayed : sprayed ratios did not differ
significantly when subjected to the chi-square contingency test. The
same number of counts on nearly the same plots were made both years.
Also, counts were made only two days later in 1978 and weather and
blueberry bloom during the pre-spray periods appeared comparable.

16
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Lower counts, particularly in control areas, can perhaps be explained by an extended period of inclement weather which prevailed for
several weeks after completion of the 1977 field work. Weather data
taken in West Enfield, just north of the study site, show that rain fell on
11 of the first 14 days in June and ranged from 0.025 to 1.854 cm per day.
In addition, temperatures were cool, the daily highs on nine of the 14
days were below 18°C. Cool, rainy conditions are not favorable for bees.
Their activity periods are reduced or curtailed with the direct result
being fewer cells provisioned and a smaller succeeding generation. As
evidence of the weather's adverse effect on the bee population, large
numbers of dead bees were picked up on the ground on June 9, near
nesting site 1. It is likely that many of these bees were victims of the
weather as it is not usually common to see large numbers of dead bees,
even at a nesting site.
No dead bees were found at nesting sites in 1978. Weather was
much more favorable for bees during the first half of June. Rain fell on
seven of the first 14 days ranging from 0.25 to 1.91 cm per day. Temperatures were much improved also as the maximum temperature was below
18° C on only three of the first 14 days.
Fruit set on V. cassanoides was higher in all areas during 1978
(Tables 8a, b). Areas remaining unsprayed through both years had fruit
sets in 1978 that were twice as high as those recorded in 1977. In
Passadumkeag, areas sprayed during 1977 but not in 1978 had afruit set
which was more than six times as high. Comparable areas in the Lincoln
block had a fruit set nearly 14 times as high. The 1978 sprayed : unsprayed ratio for Passadumkeag was significantly different from the 1977
ratio at the 0.10 level while for Lincoln these ratios were significantly
different at the 0.025 level.
Previous data on fruit set of V. cassanoides were not available, so
the average set for the plant is not known. Fruit set during 1977 was
probably low even in control areas because of adverse weather during
much of the bloom period. During the second half of June, when V.
cassanoides was in bloom, rain fell on 11 of the 16 days and the maximum temperature was below 18°C on six days. Such weather is not
favorable for pollinator activity. During the 1978 bloom period weather
was markedly better. Rain fell on only four of the last 16 days in June in
1978 (a trace being reported on three additional days), and the maximum
temperature was below 18°C on only three days.
In 1978, fruit set in the Lincoln area which was sprayed in 1977, but
not in 1978, was only slightly less than in areas unsprayed both years
(Table 8b). Passadumkeag, in 1978, had fruit set which was considerably
less than in unsprayed areas, although much improved over 1977 (Table
8a). Numerous factors may have contributed to this difference between
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Table 8a.

Comparative fruit set data for Passadumkeag - 1977 vs. 1978: 2 unsprayed
and 2 sprayed (1977 only) areas.
1977

Unsprayed
areas
Sprayed
areas

17

1978

Total no.
of clusters
examined

Total
no. of
berries

80

1205

15.06

80

22?

2.81

Avg. no. Total no.
berries
of clusters
per cluster examined
u
n
p
r
a
y
e
d

Total
no. of
berries

Avg. no.
berries
per cluster

80

2^22

31.52

80

1466

18.32*

'Significantly different at 0.10 level.
Table 8b.

Comparative fruit set data for Lincoln - 1977 vs. 1978: 2 unsprayed and 3
sprayed (1977 only) areas.
1977
Total
no. of
berries

Avg. no.
berries
per cluster

80

1050

13.13

120

249

2.075

Total no.
of clusters
examined
Unsprayed
areas
Sprayed
areas

Total no.
of clusters
examined
u
n
80
P
r
120

1978
Total
no. of
berries

Avg. no.
berries
per cluster

2551

31.89

3520

29.33*

y
e
d

•Significantly different at 0.025 level.

locations among which are the following: 1) Much of the Passadumkeag
block was resprayed in 1978. Unsprayed areas sampled in 1978 were
quite close to sprayed areas and spray boundaries could not be accurately determined. Pollinators may have moved back and forth between
sprayed and unsprayed areas and thus come in contact with spray
residue. 2) Less favorable habitats for pollinators in these areas could be
responsible for lower average pollinator density. 3) Pollinator recovery
may not have been as rapid or complete in these areas as in others. 4)
Genetic differences in the plants themselves may have resulted in a less
fertile strain.
CONCLUSIONS
Forest spraying with Sevin-4-oil® (carbaryl) was found to be detrimental to native bees, the most important insect pollinators. Bee mortality as a result of the spray, was at least 50%. Statistically significant
reductions in the number of bee flies and syrphid flies could not be

18
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shown. These two groups were, however, much less abundant than bees
during the study period.
Of the many kinds of bees collected during the study, the genera
Andre na (family Andrenidae), Dialictus (family Halictidae), and
Nomada, a parasitic genus, (family Anthophoridae) were, respectively,
the most abundant.
The 1978 work to assess population recovery of native bees following reduction in 1977 indicates that return to 1977 pre-spray levels
occurred in one year's time under the conditions encountered. A possible cause of lower counts in all areas during 1978 is given in the discussion.
Pollinator exclusion experiments with V
cassanoides
demonstrated its dependence upon insect pollination. Fruit set in 1977
was adversely affected by pollinator reduction. A positive relation was
found between poor fruit set and forest spraying. Fruit set in sprayed
areas was less than 1/5 that in control areas. Fruit set was greater in all
areas during 1978. In areas unsprayed both years it was twice as high in
1978. Passadumkeag areas sprayed in 1977, and unsprayed in 1978,
showed fruit set that was six times higher in 1978 while Lincoln areas
had fruit set nearly 14 times as high. The sprayed : unsprayed ratios for
1977 and 1978 in Passadumkeag were significantly different at the 0.025
level. Two factors were probably major contributors to improved fruit
set. Better weather during the 1978 bloom period would have had
favorable effects in all areas, and pollinator recovery would have been a
second important factor in these areas which were sprayed in 1977 but
not in 1978.
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APPENDIX 1
N A T I V E B E E SPECIES C O L L E C T E D D U R I N G T H E S T U D Y

(The vast majority of the specimens were taken in Malaise traps.)

No. <Ts No. 9's Total
Family: Colletidae
Hylaeus ellipticus (Kirby)

1

0

1

Family: Halictidae
Halictus confusus Smith
H. rubicundus (Christ)
Lasioglossum athabascense
(Sandh.)
L. coriaceum (Smith)
Evylaeus divergens (Lov.)
E. pectoralis Smith
E. quebecensis (Craw.)
Dialictus spp.
Augochlorella striata (Prov.)
Sphecodes aroniae Mitch.
5. levis L o v . & Ckll.
5. persimilis Lov. & Ckll.
S. ranunculi Robt.
S. solonis Graen.
S. stygius (Robt.)

0
0
0
0
0
0
0
0
0
2
0
0
2
0
0

15
1
1
3
3
1
4
93
7
0
1
2
2
1
1

15
1
1
3
3
1
4
93
7
2
1
2
4
1
1

25
3
35
37
9
1
2
0
34
7
0
1
17
32
7

8
11
16
30
4
0
0
1
0
15
1
8
4
0
18

33
14
51
67
13
1
0
1
34
22
1
9
21
32
25

Family: Andrenidae
Andrena alleghaniensis
A. bradleyi Vier.
A. carlini Ckll.
A. Carolina Vier.
A. crataegi Robt.
A. cressonii Robt.
A. forbesii Robt.
A.frigida
Smith
A. mandibulars
Robt.
A. melanochroa Ckll.
A. miserabilis Cress.
A. nasonii Robt.
A. nivalis Smith
A. ? phaceliae Mitch.
A. regularis Mall.

Vier.
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0
0
1
3

12
2
8
1

12
2
9
4

0
0
0
6
1
1
2
1

1
1
2
11
0
4
1
0

1
1
2
17
1
5
3
0

0
1
1
0
3
0
1
0
0
0
0
0
5
0
5
3
3
0
0
1

1
0
0
3
5
7
9
1
3
6
9
1
3
4
0
0
0
4
2
0

1
1
1
3
8
7
10
1
3
6
9
1
8
4
5
3
3
4
2
1

Family: Xylocopidae
Ceratina calcarata Robt.
C. dupla dupla Say

5
19

5
0

10
19

Family: Apidae
Bombus perplexus Cress.
B. terricola Kirby
B. vagans Smith

0
0
0

1
7
2

1
7
2

A. rufosignata Ckll.
A. sigmundi Ckll.
A. w-scripta Vier.
A. v/'c/'/ia Smith
Family: Megachilidae
Hoplitis producta (Cress.)
Megachile mucida Cress.
Osmia albiventris Cress.
0. atriventris Cress.
O. distincta Cress.
O. proximo Cress.
O. tersula Ckll.
O. sp. nr. proximo
Family: Anthophoridae
Nomada articulata Smith
N. autumnalis Mitch.
N. bella Cress.
N. composita Mitch.
N. eressonii Robt.
N. cuneata (Robt.)
N. dentariae (Robt.)
N. depressa Cress.
N. imbricata Smith
N. inepta Mitch.
TV. lepida Cress.
N. luteola Oliv.
N. maculata Cress.
N. media Mitch.
N. ovata (Robt.)
N. perplexa Cress.
N. pygmaea Cress.
N. sayi Robt.
N. vincta Say
N. sp. nr. perplexa

APPENDIX 2
DiPTERA (SYRPHIDAE AND BOMBYLIIDAE) COLLECTED DURING
THE STUDY

Family: Bombyliidae
Bombylius major L.
B. pygmaeus Fab.
Family: Syrphidae
Blera analis (Macq.)
B. confusa Johnson
B. nigra (Will.)
Brachypalpus oarus (Walker)
Chalcosvrphus inarmatus (Hine)
C. libo Walker
Chrysosyrphus versipellis (Will.)
Epistrophe protritus (O.S.)
Eristalis saxorum Wied.
E. transversalis Wied.
Eumerus strigatus (Fallen)
Helophilus fasciatus Walker
Lejops bilinearis (Will.)
Melanostoma sp.
Microdon sp.
Neoascia sp.
Orthonevra pulchella (Will.)
Paragus n. sp.
Parasxrphus semiinterruptus Fluke
Parhelophilus porcus (Walker)
Pipiza quadrimaculata Panzer
Platyeheirus sp.
Sericomyia chrysotoxoides Macq.
Sphaerophoria asymmetrica Knutson
S. philanthus Meigen
S. novaeangliae Johns.
S. brachygaster Hull
Sphegina rufiventris Loew
Syrphus rectus O.S.
Temnostoma barberi Curran

